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Abstract
Cancer statistics report an increased incidence of OSCC and OPSCC around the world. Though improvements in
screening and early diagnosis have dramatically reduced the incidence of this neoplasm in recent years, the 5-year-
disease-free survival, is still poor, specially for oropharyngeal cancer, despite the great scientific and financial efforts.
Recently, several papers showed that HPV may be involved at least in the pathogenesis of a subgroup of oral and
cervical SCC, leading to distinct molecular characteristics compared with HPV-negative ones. Nevertheless, OPSCCs
associated with HPV infection seem to show a better prognosis and affect younger patients (< 40 yrs.), especially
females. Therefore, there is the need to properly assess oropharyngeal SCC subgroups: 1) not HPV associated/
classic oral SCC: less responsive to anticancer drugs: needs novel post-surgical treatment; 2) HPV associated/oral
SCC: needs several management options and suitable “target” therapy against the virus, and/or immune-stimulating
therapy. Further issues are: 1) the disclosure of putative targets for more efficient molecular therapy, which may
work as cervical cancer post-surgical treatment, in anticipation of the effects of “global prevention” performed by
WHO anti-HPV vaccination programs; 2) careful identification of precancerous lesions in both sites; dysplasia is
currently treated by excisional or ablative procedures, which don’t consider the concept of field carcinogenesis. In
fact, it is probable that near or far from an excised precancerous lesion new foci of cell transformation may exist,
which are not yet macroscopically evident, but, if detected, would put the patient into a high risk subgroup.
Comparing findings reported in the recent literature, the data of this state of the art about HPV might add useful
informations concerning oropharyngeal carcinogenesis. Moreover, our review would be useful in order to define
novel perspectives of treatment choice for Head & Neck cancer patients, by combining well known
chemotherapeutical drugs with new molecular “target” therapy.
Review
Epidemiology
HNC is the eighth most common cause of cancer death
worldwide. Its incidence varies widely among different
regions. In North America and the EU, HNC accounts
f o r3 %t o4 %o fa l lc a n c e rd i a g n o s e s .C o n v e r s e l y ,i n
Southeast Asia and Africa, HNC accounts for approxi-
mately 8% to 10% of all cancers [1]. In EU for 1998
EUCAN reports 42.109 cases of oral and pharynx cancer
with 15.744 deaths for men and 11.447 cases with 4.434
deaths for women for a total of 53.556 cases with 20.178
deaths [2]. Up to now OPSCCs represent one of the
major health issues, with over 200.000 new cases
reported worldwide annually [3]. Although certain sub-
sets of HNC have fallen in parallel with the reduction in
smoking, rates of OPSCCs, particularly tongue and ton-
sillar cancers, have risen steadily by 2.1% and 3.9%
among men and women respectively, aged 20-44 years
from 1973 to 2001 [4,5]. Though improvements in
screening and early diagnosis have dramatically reduced
the incidence of these neoplasms in recent years, the
5-year-disease-free survival is still poor, despite the great
scientific and financial efforts [6]. The AJCC has accu-
rately defined the primitive anatomic sites of the OSCC:
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for the diffuse habit to chew betel nuts), lip (4-40%, par-
ticularly in the lower lip of old patients affected from
chronic actinic cheilitis); alveolar ridge (2-18%, including
upper and lower gum); retro molar trigonous (2-6%);
hard palate (3-6%); floor of the mouth (25%); the ventral
two thirds of the tongue (50%, recently raising among
young people under 45 years); oropharynx (25%). Squa-
mous cell carcinoma of the oropharynx may originate in
the soft palate, tongue base, pharyngeal walls, and ton-
sils. The tonsils are the most common sub-site followed
by the tongue base. In spite of their close proximity ton-
gue base-SCCs, tonsil SCCs and soft palate SCCs have
different clinical presentation and treatment outcomes
[7]. In particular, tonsil SCCs have significantly better
outcome (DSS and DFS) than tongue base SCCs [8].
Human papillomavirus (HPV) as a risk factor
It is well known that there is a strong association
between gene, environment and cancer. Several factors
are involved in oral carcinogenesis, such as age, gender,
ethnicity, lifestyle, genetic background, status of health
and exposure to one or more oncogenic factors [9]. In
several epidemiologic studies, tobacco smoking and alco-
hol consumption have been well documented as major
risk factors for oral cancer, with attributable fractions of
approximately 90% [10]. However, 15-20% of HNC have
no known tobacco or alcohol exposure [11,12].
T h u s ,o t h e ra g e n t s ,s u c ha sv i r u s e s ,a r eb e i n gi n v e s t i -
gated. In particular, with regard to viral involvement, it is
still highly controversial whether HPV, widely reported
as one of the prominent mechanism behind the develop-
ment of cervical squamous cell carcinoma, can also be
considered an aetiological or a malignant risk factor in
oral carcinogenesis [13]. According to epidemiological
studies, recent improvements in survival with radiother-
apy may be due in part to shift in the aetiology of OSCCs
[14]. The HPV involvement in oral and oropharyngeal
carcinogenesis was first proposed in 1983 by Syrjanen
et al. [15] and then supported by several other Authors
on the basis of the following evidences: 1) the well-
assessed broad epithelial-tropism of HPV; 2) the morpho-
logical similarities between oropharyngeal and genital
epithelia [16]; 3) the ability of immortalizing human oral
keratinocytes in vitro [17]; 4) the strongly established
etiological role of High Risk HPV in cervical SCC [18,19]
and, finally, 5) the detection of HR HPV genotypes in
samples of oral squamous cell carcinoma [20].
HPV Head and Neck Cancer (HPV-HNC): a
different entity
In a recent review on epidemiologic and molecular
bases, according to Ha and Califano [21], the Authors
confirm that HPV plays a role in oral carcinogenesis,
and that HPV cancers are specific type of tumours with
numerous important differences reported in:- typology
of risk patient (generally, never married younger males,
< 40 yrs.);
- histological grading (well differentiated cancer) and
histotype (possible but no necessary basaloid appear-
ance with a characteristic faster growing);
- response to chemo-radiotherapy, innovative tar-
geted therapy and/or immunostimulating strategies;
- clinical outcome in term of overall survival [22-24];
particularly, patients with HPV-positive HNSCC had
a lower risk of dying (meta HR: 0.85, 95% CI: 0.7-
1.0), and a lower risk of recurrence (meta HR: 0.62,
95% CI: 0.5-0.8) than HPV-negative HNSCC
patients. Site-specific analyses have shown that
patients with HPV-positive oropharyngeal tumours
had a 28% reduced risk of death (meta HR: 0.72,
95%CI: 0.5-1.0) in comparison to patients with HPV-
negative oropharyngeal tumours [25]. Current evi-
dence is strong enough to conclude that HPVs can
be transmitted both sexually and non-sexually [26].
Based on recent meta-analysis, besides the classical
horizontal transmission during the sexual life, a vertical
transmission occurs in approximately 20% of case HPV
positive people with HPV-DNA detection in amniotic
fluid, foetal membranes, cord blood and placental tro-
phoblastic cells, all suggesting HPV infection in utero,
i.e. prenatal transmission [27].
Furthermore, recent studies have proved the existence
of a statistically significant synergistic effect between
HPV and alcohol. Among heavy alcohol users detected
with the virus, the risk of head and neck cancer was
statistically significantly increased relative to that of
HPV-negative cancer drinkers. Alcohol can biologically
modify mucosal tissue, potentially increasing its perme-
ability to viral infection, or it could influence the
immune response to HPV [28]. On the other hand the
tobacco use, even heavy use, did not play a major role
in the synergistic effect between HR HPV and alcohol.
However, the protective mechanism by which HPV
infection improves the overall survival and prognosis in
oral cancer is not yet clearly understood.
HPVs are a group of host specific DNA virus with a
remarkable epithelial cell specificity. More than 120 dif-
ferent HPV genotypes have been identified and almost
45 subtypes, isolated from the low genital tract, have
been grouped into high-(HR) and low-risk (LR) HPV
types, considering their risk potential to induce an inva-
sive cervical cancer [29].
In a recent study Munoz et al. classify HPV16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, 68, 73 and 82 as high
risk viruses, detectable in high grade squamous
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and 66 as potential high risk with a not well known
oncogenic potential; while types 6, 11, 40, 42, 43, 44, 54,
61, 70, 72, 81 and 89 can be considered as viruses with
low oncogenic risk and they can be isolated from low
grade epithelial lesions [30].
HPV16, the most common HR HPV type detected in
biopsies from women with cervical SCC (55%), was also
the most common type detected in biopsies from HNCs
(85-95%). In the oropharynx, HPV16 accounted for the
overwhelming majority of HPV-positive cases (86.7).
Aside from HPV16, other oncogenic HPV types com-
monly detected in invasive cervical cancer biopsies (e.g.,
HPV18, 31, 33, 35, 45, 56, 58, and 59) were rarely or
never detected in HNC biopsies [31,32].
Conversely, HPV6, which has been designated as ‘’low-
risk’’ (LR HPV) or ‘’non-oncogenic’’ to the cervix, was
present in a greater number of HNCs than any of the
oncogenic types other than HPV16.
It is interesting to note that the classically LR HPVs 6
and 11 subtypes have been found in some tonsillar and
laryngeal carcinomas. It is well known that in the rare
event of benign laryngeal papillomas undergoing malig-
nant transformation, HPV11 has been most commonly
implicated. HPV 6 and 11 have also been implicated in
malignancies such as Ackerman’s tumour (verrucous
carcinoma of the oral cavity). It is clear that in certain
rare malignancies, HPV6 and 11 can play a role [33].
Finally, meta-analyses have shown that the HPV sub-
types associated with HNC are broadly similar (but not
identical) with those seen in cervical carcinoma. This is
likely to reflect a difference in life cycles of the different
HPV subtypes in different mucosal locations, with an
associated difference in mucosal immune responses [34].
Site by site prevalence of HPV in the Head and
Neck region
Up to now, data about HPV prevalence in oral infection,
risk factors, genetic pathway and molecular pathogen-
esis, its potential oncogenic role in oral carcinogenesis
are very scanty and still dissenting [35]. Since Syrjanen’s
observations [15], there have been numerous publica-
tions studying HPV DNA detection in OSCCs with rates
varying from 0% to 100% of tumours studied [36,37]
with higher percentage (also more than the 40% of
cases) in those HPV cancers of palatine tonsils and of
base of the tongue [38]. This very wide range of HPV
prevalence in oral cavity and oropharynx [39-41] and
this widespread variability can only be in part due to the
cancer site, geographic location and study sample size.
Up to now the exact proportion of cancer attributable
to viral infection is unclear. The proportion of OSCCs
that are potentially HPV-related (cancers of the tongue
base and tonsil, including lingual tonsil and Waldeyer’s
ring) increased in the USA from 1973 to 2004, perhaps
as a result of changing sexual behaviours. The IARC
Multicenter Study estimated that 18% of oral and oro-
pharyngealcancers worldwide are HPV associated
[42,43]. There is a general agreement in the current lit-
erature as regard the ranking of HPV prevalence accord-
ing to SCC subsites. HPV infection is most prevalent in
OPSCC, followed by LSCCs and, finally, by OSCCs, and
not detected in tumors from other HN sites [44,45].
The higher percentage value of viral prevalence,
reported and discussed in literature, derives from meth-
odological bias [31], because of the HPV prevalence has
been often estimated on different type of squamous
cancer arisen from different sites in the head and neck
district: oral cavity, Waldeyer area, oro-pharynx, larynx
[46]. The footsteps of HPV infection may be traced also
in benign oral lesions as condiloma acuminata, common
warts, oral papilloma, focal epithelial hyperplasia and in
potentially malignant or premalignant erytroplachia,
erytro-leukoplakia and leukoplakia, and proliferative
verrucous leukoplakia [47]. The exact origin of HPV
oral infection is still unclear, contrasting and hypotheti-
cal. Because of the close ultrastructural and morphologi-
cal similarities between oral and vaginal epithelium [16],
worldwide scientific research is currently aimed to dis-
cover a relationship among HPV, oral and genital malig-
nancies. Postma and Van Heerden have observed a
significant association between cervical and oral carci-
noma, suggesting that the oral-genital transmitted HPV
infection could induce a neoplastic onset, both synchro-
nous and asynchronous, in different mucosal sites [48].
Recent studies have shown that the association between
HPV and OSCC is stronger in young males, or in
patients characterized by sexual blend or active sexuality
or in individuals suffering from genital warts [49].
Insights into the molecular mechanisms of head
and neck HPV carcinogenesis
It is still unknown how persistent infection gives rice to
intraepithelial lesions, and, in turn, to invasive HNC. It
is known that oncogenic types of HPV may produce
non productive-infection and persist in the cells in low
number episomic molecules. It is well known that HPVs
exert their oncogenic role after DNA integration, gene
expression of E5, E6 and E7 loci and p53/pRb host pro-
teins suppression, leading to increased cell proliferation
and contributing to carcinogenesis [50,51]. Recently,
some Authors suggested that DNA genotyping alone in
not sufficient to demonstrate the oncogenic role of HPV
in carcinogenesis since integration associated mRNA
expression is a necessary step to virus related carcino-
genesis. In fact, HPV positive but E6 mRNA negative
oropharyngeal cancers showed a prognosis closer to
HPV-negative tumors [52].
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DNA is a common event in cervical carcinoma and
intraepithelial lesions, however, 15-30% of cervical
cancer, containing HPV only in the episomal form,
shows a plasmidic expression of oncogenic protein E5,
E6, E7. The situation in head and neck cancers is not
clear, but heterogeneity and the existence of multiple
pathways in carcinogenesis is highly likely. Koskinen et
al [53] reported that in their series of head and neck
HPV16 DNA positive cancers, 48% were integrated, 35%
were episomal and 17% were of both mixed episomal
and integrated forms. Mellin et al 2002 reported that all
cases of HPV+ tonsillar carcinomas harboured HPV-
DNA in episomal form [54].
Molecular detection of HPV
Paradoxically, the low number of HPV DNA copies in
integration or episomic status may be underestimated by
standard immunopathological studies. When performing
the molecular detection of HPV DNA, it is essential that
the diagnostic procedures employed are highly sensitive,
specific and reliable and it should kept in mind that the
efficiency of HPV detection may be affected by several
methodological variables. In situ hybridization and in situ
oncogenic protein staining techniques have increased
sensitivity and specificity of HN diagnostic practices.
These techniques have allowed not only detection and
identification of low risk/high risk HPV in cytological
smears or histopathological immune-sections but, in
addition, also the definition of the topographical level of
infection, and/or viral integration status (basal layer-
integration/upper layers - lytic - episomic phases).
Furthermore, these techniques have provided to calculate
the copy number per cell (one-two nuclear spot for inte-
gration/diffuse nuclear signals for episomic status). In
addition, by the routinary IHCthe expression of viral
H P Vp r o t e i n sE 5 ,E 6 ,E 7a ss u r r o g a t em a r k e r so fH P V
infection, and the resulting down-regulation of critical
tumor suppressor (p53, pRB, p-16) in histopathologically
analyzed HNC can be demonstrated. In any case, we
must remember that p16 immunohistochemical positivity
is unable to discriminate between HPV integrated vs
HPV not integrated OSCCs. IHC and ISH are considered
methods with a low sensitivity [46,55], because of the
limited availability of antibodies against specific types of
HPV (IHC) or the low applicability in clinical routine for
the long and hard technical word required (ISH). An
highly sensitive broad-spectrum detection of human
papillomaviruses should be performed for HPV detection
on paraffin-embedded sections collected during diagnos-
tic procedures. Today methods with higher sensitivity
(PCR) than the classical immunohistochemical or ISH
t e c h n i q u e sa r ea b l et oi d e n t i f yH P V ,b yd e t e c t i o nw i t h
type-specific primers or consensus primers [56].
The high sensitive and specific SPF10 HPV DNA test,
determined by direct sequencing of PCR fragments and
genotyping assay, as good screening test, can be per-
formed for HPV detection on paraffin-embedded sec-
tions collected during diagnostic procedures as good
screening test [57].
PGMY/GP nested PCR system is able to perform con-
sistently at a high level of sensitivity, namely 0.1-1 copy
per cell input [58].
However the possibility of overestimation or underes-
timation of HPV positivity due to technical limitations,
the absence of standardization in collection, storing and
analyses of tissue samples, the impact in the clinical
practice, the cost and the commercial availability are
important aspects to consider, in order to establish the
exact role of HPV in oral and oropharyngeal lesions and
its real tumoral frequency in an anatomical region
where HPV has a yet high prevalence.
In clinical setting, nowadays we have to perform a
sensible, specific and accurate HPV test. In case of
false negative results, patients are potentially deprived
of important curative tools i.e. radio and chemother-
apy. Similarly, false positive patients are potentially
deprived of another curative tool: the surgery. Only
standardized technical procedures could assist clini-
cians to provide effective diagnostic test, innovative
treatment and more efficient screening systems for
OSCC patients. A specific panel of different HPV
types, possibly including LR and HR-viruses, should be
defined in order to prepare adequate vaccine reducing
the risk of HPV-positive oral and oropharyngeal
cancers in male and female population and in order to
detect an infective pathogenesis in oral and oropharyn-
geal neoplastic samples.
The role of p16
INK4a alterations, p-53 mutations
and molecular markers of HPV infections in
HN-SCC
p16INK4a and viral load
The INK4A locus, harboring the p16INK4A gene, is a
major aberration hotspot in oral and oropharyngeal
carcinoma. The p16INK4A gene functions as negative
regulator of the cell cycle progression through its inhibi-
tion of cdk4/6 and subsequent blockage of the cyclin-
dependent phosphorylation of the Rb [59]. Genetic
alterations of p16INK4A lead to loss of control of the
restriction point in the G1 phase of the cell cycle and
favour cellular transformation [60]. It is also found that
p16INK4A expression loss defines a subgroup of oral
cancer patients with worse clinical outcome [61].
The current scientific research is aimed at deciphering
the molecular alterations involved in p16INK4A down-
regulation and to assess the prognostic implications of
p16INK4A gene alterations in HNC in order to establish
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conventional clinical staging parameters [62].
The instability of the CDKN2a/INK4 locus located on
9p21 is reported to be high in carcinoma and the major
inactivation of the p16INK4A/p14ARF genes results
from promoter methylation, homozygous deletion, loss
of heterozygosity and intragenic mutation [63].
These genetic and epigenetic alterations have been
detected frequently in a variety of human cancers,
including head and neck cancer.
According to recent studies, HPV-positive HNCs have
intact p16 gene and wild type p53 compared to HPV
negative ones, harbouring frequent p16 and p53 gene
alterations [64]. This is the reason of their chemo-
radio-sensitivity, since apoptotic pathway are preserved.
Anyway HPV infections have been also demonstrated in
the p53 mutated group of HN cancer, suggesting the
concept that an HPV may super-infect an already
mutated cancer cell [65].
For many years, the main prognostic factors of SCC
have been the conventional grading, staging and site of
tumor. According to recent studies, the viral load of
H P Vi nH N C sa sw e l la sp 1 6e x p r e s s i o nc o u l db e
defined the most relevant prognostic markers in HPV
positive OSCCs, surpassing the significance of the classi-
cal histopathological parameters, and it should be con-
sidered for inclusion into official staging system of
H N S C C .T h ev i r a ll o a do fH P Vi nH N C sa p p e a r st o
vary considerably as reported in a recent update [66].
Available data suggest that oral and oropharybgeal
cavity HPV viral load measured by DNA is lower than
in the cervix. Tonsillar cancer appears to show a wide
variation in HPV copy number. The study from Mellin
et al 2002 [54] detected 10 - 15,400 (median of 190)
HPV 16 copies per beta-actin copy from eleven HPV 16
+ tumours. The data suggested that a higher viral load
could be a favourable prognostic indicator and that
tumours with episomal DNA had larger tumours than
patients with mixed or integrated forms of viral DNA.
This shows that the higher copy number of episomal
v i r a lD N Aw a sa b l et oi n d u c em o r er a p i dg r o w t h ,
perhaps by higher expression of the viral oncogenes.
Weinberger et al [67] demonstrated that HPV 16 viral
load measured by real time PCR, detection of HPV
infection by ISH and p16 expression valued by immuno-
histochemistry could be used as a gold standard test to
classify head and neck cancers into 3 distinct profiles:
Class I, HPVnegative, p16 low, 0.0 copies; Class II, HPV
+ ,p 1 6l o w ,3 . 6c o p i e s ;a n dC l a s sI I I ,H P V + ,p 1 6h i g h ,
46 copies; Class IV, HPV-negative; p16 + Of note, was
that Class III tumours had a significantly increased
5 year survival, increased disease-free survival rate and
decreased local recurrence rate, compared to tumours in
the other classes (Table 1).
Nowadays, the goal of the scientific research is to find
new biological markers able to identify set(s) of genes
involved in oro-pharyngeal carcinogenesis. This is neces-
sary to evaluate the “tumor fingerprint” that defines the
biological behavior of the each single neoplasm. In the
last decade the scientific research has shown a growing
interest on several biological markers, expressed by can-
cerous cells in order to use them as indexes of OSCC
progression and aggressiveness, also in relation to HPV-
DNA detection. The investigation of oncogenic gene
expression in HPV-related OSCC and the study of its
potential value as predictor of neoplastic progression
and clinical outcome could allow to characterize a possi-
ble evolutive morphologycal profile of oral cancer and
its precancerous lesions. As a rule, the expression of
HPV markers and surrogate markers of HPV infection
can be easily evaluated by IHC. Different antigens
should be used including virus related (capsidic anti-
g e n s ,E 5 - E 6 - E 7p r o t e i n s ) ,a n dv i r u si n d u c e da n d / o r
altered host proteins (p16
INK4a,p R b ,C y c l i np r o t e i n s ,
p-53).
Several authors have emphasized that a hallmark of
the presence of HPV in cancer could be found in p16
nuclear or cytoplasmic overexpression, so that p16
could be considered a useful surrogate marker for HPV
[66,68]. Recent reports have proved that HPV+ OSCCs
harbour frequently unmethylated CDKN2A promoter as
compared to smoke related OSCC frequently methylated
[69]. The employment of biomarkers improve the cur-
rent diagnostic tools but also can contribute indirectly
to therapeutics as predictor of choice for the correct
clinical management. Therefore, there is the need to
properly assess OSCC subgroups: 1) not HPV asso-
ciated/classic OSCCs that are less responsive to antican-
cer drugs and need novel post-surgical treatment;
2) HPV associated OSCCs that have a lower risk of dying
and recurrence and need several management options
and suitable “target” therapy and/or immune-stimulating
strategies. Currently, the group of HPV-negative OSCC
Table 1 Weinberger classification (2006)
Weinberger classification (2006)*
HPV status; p16 expression Median HPV DNA viral load
(copies HPV 16/human genome)
Class I, HPV-; p16 low 0.0 copies - Class I
Class II, HPV+; p16 low 3.6 copies - Class II
Class III, HPV+; p16 high 46.0 copies - Class III
Class IV, HPV-; p16 +
For further detail see the text.
*according to the contents reported in: Weinberger PM, et al.: Molecular
classification identifies a subset of human papillomavirus–associated
oropharyngeal cancers with favorable prognosis. J Clin Oncol 2006, 24(5):736-
47 [67].
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chemo-resistance of their tumors; the group of HPV+
OSCC patients should be treated by surgery plus adju-
vant radio-chemotherapy, or alternatively by concurrent
radio-chemoterapy and by salvage surgery only for
patients non-responders to induction radiochemotherapy
(Figure 1).
Other markers in differential diagnosis between HPV-
positive and HPV-negative cancer
On the basis of these tendencies, some Authors [70,71]
have identified specific biomarkers, by using c-DNA
microarrays, in order to distinguish HPV+ versus HPV-
OSCCs, to improve the current diagnostic tools but also
to contribute indirectly to therapeutics as predictor of
choice for the correct clinical management (Table 2). In
a recent microarray based study of Pyeon D et al [70]
two main subgroups of head-neck cancer (HNC) have
been identified: HPV+HNC and HPV- HNC. Not sur-
prisingly, closes classes were the two HPV+ cancers,
HPV+ HNC and HPV+ cervical cancer. The substantial
correlation between HPV+ HNCs and HPV+ cervical
cancers implies a substantial role for virus-dependent,
tissue-independent factors in gene expression changes.
The study described genome wide expression profiling
of HNCs, cervical cancers, and site-matched normal
epithelial samples. More specifically, in tumor/normal
comparisons HPV+ HNC, HPV- HNC, and cervical
 
 
Head and Neck SCC 
 
HPV TEST 
False negative 
Patients 
deprived of 
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curative Radio-
Chemo 
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radiation 
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(Chemo-Radio) 
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Figure 1 Flow chart. Dramatic consequences on the Head & Neck cancer therapeutic management of missing or misinterpreting HPV test are
described.
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for a gene set I, including keratins (KRT8, KRT17,
KRT18), caveolin (CAV2), IFNa-inducible protein 6-16
(G1P3), matrix metallopeptidase 12 (MMP12), collagens
(COL4A1, COL4A2), and phospholipid scramblase 1
(PLSCR1), and down-regulated for another set II, includ-
ing other keratins (KRT4, KRT13, KRT15), programmed
cell death 4 (PDCD4), protein tyrosine kinase 6 (PTK6),
epithelial membrane protein 1 (EMP1), extracellular
matrix protein 1 (ECM1), interleukin 1 receptor (IL1R2),
and transglutaminase 3 (TGM3). Relative to HPV-HNC
HPV+HNC and cervical cancer showed significantly
increased expression of gene set III, including PC4/
SFRS1-interacting protein 1 (PSIP1), V-myb (MYB),
synaptogyrin 3 (SYNGR3), SWI/SNF-related, matrix-
associated, actin-dependent regulator of chromatin
(SMARCA2), synaptonemal complex protein 2 (SYCP2),
p16 (CDKN2A), lymphoid-specific heli-case (HELLS), and
testicular cell adhesion molecule 1 (TCAM1), whereas
expression was decreased for gene set IV, including para-
thyroid hormone-like hormone (PTHLH), cortactin
(CTTN), kallikreins (KLK8, KLK10), cyclin D1 (CCND1),
caveolin 1 (CAV1), and defensin b4( DEFB4). E7 oncopro-
teins of high-risk HPVs induce DNA replication and mito-
sis by multiple mechanisms, including interacting with
pRb, HDACs, and other factors to activate cell cycle-regu-
lated transcription factors such as E2F [72]. A significant
subset of cell cycle-regulated genes was differentially
expressed in HPV+ HNC and cervical cancer relative to
HPV-HNC. HPV-HNCs up-regulated, relative to HPV+
cancers, a small set of cell cycle-specific genes, including
cyclin D1/D2 (CCND1 and CCND2; G1 associated) and
cyclin A1 (CCNA1). By contrast, HPV+ cancers up-regu-
lated, relative to HPV-HNC, a much larger set of cell
cycle-specific genes such as cyclin E2 (CCNE2;G 1a s s o -
ciated), cyclin B1 (CCNB1; G2 associated), and multiple
MCMs. Among these, many genes that enhance DNA
replication and cell mitosis, including proliferating cell
nuclear antigen (PCNA), E2Fs, cdc2, cdc7,a n d
MCMs were significantly up-regulated in HPV+ HNC and
cervical cancer relative to HPV- HNC, implying that the
HPV+ cancers were more active in cell division. The most
striking difference in cell cycle regulatory gene expression
was seen with cyclin D1/CCND1 and p16/Ink4a/
CDKN2A. In HPV+ cancers, p16 was expressed at high
levels and cyclin D1 at low levels, with the converse in
HPV- cancers. A recent immunohistochemical study
examining just six cell cycle proteins in HNCs confirmed
that these changes in p16 and cyclin D1 expression corre-
late with HPV status and extend to the protein level [73].
In HPV+ cancers, p16 up-regulation and cyclin D1 down-
regulation are thought to be a consequence of feedback
loops from E7 inhibition of Rb activity. For many HPV-
cancers, including HPV- HNCs, reduced p16 expression
correlates with p16 promoter hypermethylation, whereas
cyclin D1 overexpression is linked to gene amplification.
Such a virus-induced, highly proliferative state may be
responsible for the greater responsiveness of HPV+ HNCs
to radiation therapy [74]. Recently [70], up-regulation of
novel testis antigens in HPV+ cancers has been showed.
Genes highly up-regulated in HPV+ cancers relative to
HPV- HNC included two testis specific genes not nor-
mally expressed in somatic cells, SYCP2 and TCAM1.C e l l
line studies showed that SYCP2 and TCAM1 expression
are synergistically up-regulated by E6 and E7. The Peyon’s
study [70] found that HPV+ cancers over-express novel
testis antigens SYCP2, STAG3,a n dTCAM. STAG3 and
SYCP2,a nSYCP1 homologue, are components of the
meiotic synaptonemal complex that promotes recombina-
tion, and SYCP1 expression induces formation of a synap-
tonemal complex-like structure. Aberrant expression of
these meiosis-specific proteins in HPV+ cancers may con-
tribute to the genomic instability induced by high-risk
HPVs and to further genetic changes during HPV-asso-
ciated cancer development. According to Slebos’ model
[71], important biological markers expressed by tumoral
cells (e.g. MIB-1, PCNA, cyclin D1, p18 e CDC7, tran-
scription factors, as TAF7L, RFC4, RPA2, and TFDP2,
adhesion molecules as TCAM1) could be used as indexes
of oral-cervical SCC progression and aggressiveness, also
in relation to HPV-DNA detection. Soares et al. found an
high expression of PCNA in oral and cervical SCC HPV-
positive, reconducted to HPV-related oncogenetic promo-
tion [75]. Other studies have been shown an aberrant
expression of cyclin D1 in the majority of oral and cervical
SCC: this situation is resulted tightly related to their un-
favourable prognosis [76]. Immunoistochemical detection
of MIB1 (Ki-67) has been suggested in order to determine
proliferation index in oral and cervical SCC [77].
HPV+ HNCs show a wide range of cell cycle related
proteins, p-16, p-18, Cyclin B1, and the E2F family
(MCMs, Cyclin E, PCNA) as compared to HPV-negative
HNCs, showing a more restricted panel of cell cycle
proteins, Cyclin D1/D2, Cyclin A1. According to the
studies from Heidelberg University group, most HPV++
Table 2 Cell cycle related genes
Cell cycle related genes
HPV positive cancers HPV negative cancers
￿ P-16 ￿ Cyclin D1/D2
￿ P-18 ￿ Cyclin A1
￿ Cyclin B1
E2F family:
￿ MCMs
￿ Cyclin E
￿ PCNA
For further detail see the text.
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HPV16 mRNA) showed reduced pRb, low cyclin-D1 and
p-53 and up-regulated p16
INK4a; in contrast, HPV+
designated tumors (cancers with low viral load of
HPV16 mRNA showed normal pRb, increased Cyclin
D1 and p-53, and reduced p16
INK4a, a pattern typical for
HPV-negative tumors; LSCCs showed only the pattern
for HPV negative tumors [78]. All these findings might
add useful informations concerning oropharyngeal and
cervical carcinogenesis and, finally, offer a novel per-
spective of treatment choice for the patients, by combin-
ing well known chemotherapeutical drugs with new
molecular “target” therapy.
HPV detection as evaluated by cytopathological
and molecular methods. Screening program and
the potential role of saliva
The association of head and neck cancers with clinically
significant morbidity and disfiguration makes early
detection of the diseases and biomarkers to identify
individuals at high risk of great importance. However,
most of these markers have been identified either in
cancer cell lines or in biopsy specimens from late inva-
sive and metastatic cancers. Moreover, the invasive nat-
ure of a biopsy makes it unsuitable for cancer screening
in high-risk populations. Exfoliative cytology may be a
less invasive method for oral cancer detection. In some
recent scientific research has been assessed that HR
HPV types detected in oral exfoliated cells could be
used as a predictive biomarker of oropharyngeal cancer
risk associated with HR HPV infection [28,79], because
an association between the detection of HR HPV types
in oral exfoliated cells and the presence of HR HPV
types in tumor tissue has been established. HR HPV
DNA detected in the oral exfoliated cell samples may
originate from HPV-positive tumor cells, from any asso-
ciated HR-HPV infection that led to the development of
oro-pharyngeal cancer, or from an independent HR
HPV infection. Detection of HR HPV DNA may help
identify individuals, including those with 1) any genetic
predisposition to acquire HR HPV infection and/or 2) a
limited immunologic ability to eliminate the virus, who
are at risk for the development of oropharyngeal cancer
because they are susceptible to HR HPV infection in the
head and neck area. Whether oral exfoliated HR HPV
status is predictive of cancer before invasion or progres-
sion in patients with HNC is unknown, but the answer
could be clarified easily and inexpensively by repeated
assessment in HR HPV cases over time. The use of oral
exfoliated cells could be extended to evaluate other
molecular markers of early carcinogenesis in head and
neck tumors in addition to HPV, including alterations
in tumor suppressor gene pathways, changes in gene
expression profiles, and microsatellite markers to
increase their power to predict early-stage cancer. Sero-
logic assessment of HPV in HNC may be less sensitive
than assessment of oral exfoliated cells. A blood draw is
less acceptable to patients, more difficult to administer
and preserve, and currently does not allow the evalua-
tion of a wide variety of HPV types. Therefore, HPV
seropositivity is potentially indicative not only of current
oral infection but also of any past infection not limited
to the oral cavity or oropharynx, including infections in
the anogenital area that are thought to be the most
likely source of HPV in the majority of individuals with
an HPV-positive serologic test. Finally, the detection of
HR HPV in oral exfoliated cells, its plasmid versus inte-
grated state, as well as specific integration sites and
gene expression patterns may serve as clonal markers to
monitor the presence of residual tumor after surgery or
radiation, cancer recurrence, and progression. The avail-
ability of an easily performed cytological test is essential
for disease prevention, early diagnosis and tumor re-sta-
ging but we have to remember that exfoliated cancer
cells tend to correlate with tumor burden and with
lower rates of detection seen in those with minimal or
early disease. This suggests an imperative need for
developing new diagnostic tools that would improve
early detection. The identification of molecular markers
in body fluids that would predict the development of
cancer in its earliest stage or in precancerous stage
would constitute such a tool. Whole human saliva is
easily collected in the clinic in a non-invasive, on-
demand manner and in relatively large, easily stored
quantities, making it an optimal bodily fluid for clinical
diagnostics. Diagnosis of oral cancer could benefit
greatly from the development of whole saliva-based clin-
ical tests given the physical proximity of the site of
cancer development with the diagnostic fluid.
Moreover we have to remember that saliva can con-
tain different types of HPV reservoirs, and HPV DNA
may originate from the following sites:
- HPV-positive tumor cells
- HR HPV infection that led to the development of
oropharyngeal cancer
- from an independent HR HPV infection;
- phlogistic cells, as giant cell or lymphocytes;
- oral epithelium surrounding tumor: normal or dys-
plastic mucosa;
- tonsillar crypts.
Generally, the sensitivity of an HPV test in saliva has
been reported as low, whereas the specificity is very
high. Recent studies report that HPV16 was detected in
50% of the saliva rinse samples from HNSCC patients
with detectable HPV16 level in their tissues, in 18% of
saliva rinse samples from patients with HPV16 negative
Pannone et al. Infectious Agents and Cancer 2011, 6:4
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a cutoff of HPV 16 >0.001 copies/cell in saliva rinse, the
test yielded a sensitivity of 30.4% and a specificity of
98.3%. HPV16 DNA in saliva rinses can reflect HPV16
status of primary HNSCC. As a screening method quan-
titative analysis of HPV16 DNA in salivary rinses allows
for detection of HPV-related HNC; however, specific
limitations exist that prevent the application of this as a
screening technique for a broad population [80].
Quantitative measurement of salivary HPV16 DNA
can be a promise for surveillance and early detection of
recurrence. In fact, a very interesting paper proved that
t h ep r e s e n c eo fH P VD N Ai nc o n v a l e s c e n ts a l i v a r y
rinses is an adverse prognostic marker in HN squamous
cell carcinoma, because HPV16 presence in follow-up
salivary rinses preceded clinical detection of disease
recurrence by an average of 3.5 months [79]. Recent dis-
covery by microarray technology that a large panel of
human mRNA exists in saliva suggests a novel clinical
approach, salivary transcriptome diagnostics, for applica-
tions in disease diagnostics as well as for normal health
surveillance [81,82]. It is a high-throughput, robust, and
reproducible approach to harness RNA signatures from
saliva. Understanding the profile of molecular changes
in any particular HPV+/HPV- cancer will be extremely
useful because it will become possible to correlate the
resulting phenotype of that cancer with molecular
events. One of the scientific goals is to construct risk
models to facilitate assigning the appropriate salivary
transcriptome-based diagnosis for patients’ specific
cancer risk.
Synthetically, saliva allows to:
- detect HR HPV in oral cells
- identify its plasmidic vs integrated state
- define gene expression patterns by:
Genomic Microarrays
EpiGenomic Microarrays
Proteomic analysis
- be easily used in general population study
- be easily used also in selected high rish populations
(immune-depression/immune-suppression)
- help in decision making as regard the choice of
therapy
- monitor presence of residual tumor after therapy
(cancer progression)
Conclusions: ‘the need of a global immunization
programme’
Recent reviews were performed in order to establish the
evidence for HPV-related malignant disease in regions
other than the cervix. One of this studies found
sufficient evidence to support a global immunization
programme against HPV, irrespective of gender and
geography, to help to achieve a reduction in HPV-
related malignant diseases in the future [83].
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